A paraprotein is a monoclonal immunoglobulin or immunoglobulin light chain (Bence Jones protein) present in the blood or urine and arising from clonal proliferation of mature Bcells, most commonly plasma cells or B-lymphocytes. Alternative terms include monoclonal protein or M-band. Paraproteins are characterised by homogenous electrophoretic migration and the expression of a single light chain type, either k or l. There are several situations in which a paraprotein may be identified and these scenarios have differing clinical significance. At one extreme there may be an overtly malignant clonal proliferation of plasma cells resulting in multiple myeloma, or solitary plasmacytoma (skeletal or extramedullary.) At the other extreme there may be a low level paraprotein ultimately classified as monoclonal gammopathy of undetermined significance (MGUS) which may be of little clinical relevance. The aim of this article is to aid the physician in developing a strategy which can identify the likely clinical condition underlying a paraprotein, deal with the important clinical scenario of distinguishing between MGUS and multiple myeloma, and provide a brief overview of important clinical aspects of multiple myeloma.
WHAT IS THE INCIDENCE OF PARAPROTEINAEMIA?
Recently published population based studies from Minnesota have clarified the incidence of paraproteinaemia in the general population. In individuals aged .50 years the overall incidence of a paraprotein is 3.2%; this varies with age (age 50-59, 1.7%; age .70, 5.3%) and sex (men: women, 4.0%: 2.7%.) 1 There is also an ethnic variation with previous reports noting the age adjusted prevalence of MGUS being threefold higher in African Americans than the white population. 2 Paraproteins are therefore a common laboratory finding in an elderly population.
DISORDERS ASSOCIATED WITH A PARAPROTEIN
A wide range of mature B cell disorders may be associated with a circulating paraprotein (table 1) . In a review of more than 1000 cases of M-protein seen at the Mayo Clinic the underlying diagnosis was MGUS (51%), multiple myeloma (18%), AL amyloidosis (11%), lymphoproliferative disorder (4%), and other disorders such as smouldering myeloma or solitary plasmacytoma (16%). 3 The lymphoproliferative disorders chronic lymphocytic leukaemia (CLL) and lymphoplasmacytic lymphoma/Waldenstrom macroglobulinaemia (LPL/ WM) generally have associated clinical and laboratory features which greatly facilitate diagnosis. CLL can infrequently be associated with a paraprotein. In practice CLL is usually diagnosed as a result of investigating a persisting monoclonal peripheral blood lymphocytosis and generalised lymphadenopathy. Immunophenotyping of the circulating B lymphocytes in CLL reveals a characteristic pattern of surface antigen expression. This profile has been used to formulate a CLL diagnostic score based on the expression of CD23, CD5, FMC7, CD79b/CD22, and SIg. Immunophenotyping by flow cytometry of a persisting lymphocytosis is now routinely performed to establish the diagnosis of CLL. 4 The other nonHodgkin's lymphoma commonly associated with a paraprotein is LPL/WM, a rare disorder (15% of all lymphomas) which presents at a median age of 63. There is lymphomatous infiltration of nodes, bone marrow, or spleen and the majority of patients have a circulating IgM paraprotein .30 gm/l. Of particular note, IgM paraproteins may have autoantibody or cryoglobulin activity resulting in peripheral neuropathy (10% of patients) or cryoglobulinaemia. Additionally high levels of circulating IgM pentamers cause hyperviscosity (10-30% of patients) with reduced visual acuity and increased risk of cerebrovascular accidents. 5 Therefore the finding of a high concentration IgM paraprotein should raise the suspicion of LPL and may require urgent specialist investigation and treatment to prevent the complications of hyperviscosity. The diagnosis and management of CLL and LPL/WM is beyond the scope of this article and is dealt with fully in the British Society for Haematology Guidelines (www.bcshguidelines.com).
By definition all paraproteins are the product of a B cell clone which may be large, small or possibly undetectable using available techniques. The disorders described above are examples of B cell disorders where the clinical features are defined either by the systemic effects of expansion of the malignant clone or which may be entirely asymptomatic and meet the diagnostic criteria of MGUS. Alternatively, in some B cell conditions, while the clone may be undetectable the clinical features are dominated by the biological effects of the paraprotein, so called ''dangerous small B-cell clones''. 6 There are two pathogenetic mechanisms for this type of disorder. Either the monoclonal protein may aggregate and deposit systemically, causing disorders such as light-chain amyloidosis, crystal storing histiocytosis or cryoglobulinaemia type I. Alternatively the monoclonal protein may have antibody activity towards an autogenous antigen causing disorders such as polyneuropathy, monoclonal cold agglutinins and cryglobulinaemia type II. The final group of disorders are paraproteins found in association with a non-malignant systemic disorder. In these circumstances neither the small B cell clone nor the monoclonal protein causes the predominant clinical features, but the case cannot be labelled as MGUS because of the presence of a coexisting systemic disorder. These paraproteins are often small and may occasionally be transient. Examples include paraproteins associated with autoimmune, liver and skin diseases as listed in box 1.
WHEN SHOULD ONE TEST FOR THE PRESENCE OF A PARAPROTEIN?
Multiple myeloma is the most common clinically important disorder associated with a paraprotein, and may have a wide range of clinical presentations. It is therefore prudent that a patient should be screened for the presence of an M-protein when presenting with any of the clinical findings listed in box 2.
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It is an important practice point to emphasise that if considering myeloma as a diagnosis then both the urine and blood must be screened for a paraprotein, because in 15% of myeloma cases a monoclonal immunoglobulin light chain may be the only M-protein present. Such cases would be missed if serum protein electrophoresis were the only investigation performed. The measurement of serum-free light chains introduced relatively recently into clinical practice allows the quantification of free k and l light chains secreted by plasma cells. An abnormal k:l ratio suggests an excess of one light chain type and, although the mechanism is poorly understood, is used as a surrogate marker for clonal expansion. The use of such a serum assay will abrogate the need to test both blood and urine for diagnosis. 5 
HOW SHOULD A PATIENT WITH PARAPROTEINAEMIA BE INVESTIGATED FURTHER?
As noted above, the underlying disorders associated with a paraprotein can broadly be divided into non-Hodgkin lymphoma subtypes and plasma cell disorders. The lymphoproliferative disorders CLL and LPL/WM do not generally present In clinical practice the most frequent scenario is the assessment of a paraprotein found in association with a plasma cell disorder. The significance of such a finding can range from a medical emergency to a coincidental finding of little clinical relevance. All patients with an M-protein should be referred for specialist review. The goal of such review will be to establish the precise diagnosis this generally entails distinguishing between MGUS, asymptomatic, or symptomatic myeloma, with consideration of other linked diagnoses such as solitary plasmacytoma and/or AL amyloidosis. The degree of urgency for such referrals varies: clearly those with associated renal failure, hypercalcaemia, or cord compression are medical emergencies requiring immediate specialist treatment; those patients with suspected myeloma should be referred for urgent specialist advice; and those in whom a paraprotein is detected routinely should be referred for non-urgent advice as they will require long term follow-up. It is also prudent to remember that in an elderly population a paraprotein may well be a clinically insignificant MGUS with a co-existent second pathology. Consequently, if anaemia is detected then haematinics should be checked, and if iron deficiency is present then gastroenterological investigation is required to exclude blood loss. Similarly, if hypercalcaemia is present then primary hyperparathyroidism should be excluded.
HOW IS MGUS DISTINGUISHED FROM MYELOMA?
In patients with a plasma cell disorder and a circulating paraprotein, current practice is to subdivide these patients into three groups: MGUS, asymptomatic myeloma (previously termed smouldering, indolent or equivocal myeloma), and symptomatic myeloma. The distinction is important as it determines prognosis, and the need for treatment. Three variables define these groups: (1) M-protein level, (2) bone marrow plasma cell percentage, and (3) the presence or absence of myeloma related organ or tissue impairment (ROTI). The relevant investigations are therefore to estimate M-protein levels: serum protein electrophoresis, immunofixation and paraprotein quantification plus 24 h urinary light chain quantification. Bone marrow aspirate and trephine biopsy are also required to determine the extent of bone marrow infiltration. It should, however, be emphasised that while plasma cell percentage is part of the diagnostic criteria for MGUS, to avoid inappropriate over investigation bone marrow biopsy is not required in all cases where a circulating paraprotein is detected. This is detailed below in the section managing MGUS. These basic investigations are supplemented with tests to establish the presence or absence of ROTI. The diagnostic criteria for MGUS and myeloma are set out in table 1. The clinicopathological features of myeloma ROTI are set out in table 2. The necessary investigations include full blood count, assessment of renal function, corrected calcium, and skeletal imaging, most commonly a skeletal survey. In certain circumstances, as detailed below, further imaging may be required. Two important practice points should be emphasised; in a patient with a circulating paraprotein, low levels of Bence Jones protein and an immune paresis of the polyclonal immunoglobulins are compatible with the diagnosis of MGUS. Although the term symptomatic myeloma is used, in any patient with laboratory criteria for myeloma the presence of myelomarelated skeletal damage, though it may not be causing symptoms, is evidence of ROTI and would automatically classify the patient as having symptomatic myeloma. 7 
WHAT IS THE PROGNOSIS AND HOW DO WE MANAGE MGUS?
MGUS is defined as an M-protein in the serum ,30 g/l, clonal plasma cells in the bone marrow ,10%, and absence of myeloma ROTI. Clearly it is inappropriate to perform a skeletal survey and bone marrow investigation in all patients in whom a low level paraprotein is detected. Clinical judgement is required and current UK practice in the investigation of MGUS is to reserve these investigations for younger patients and those in whom the paraprotein is .20 g/l. Characteristically, individuals with MGUS have no symptoms or signs related to the monoclonal population and MGUS does not require treatment; they do, however, require indefinite follow up, the details of which are set out below. Occasional patients have monoclonal antibodies that are directed against coagulation proteins resulting in Von Willebrand disease; against insulin, resulting in hypoglycaemia; and against peripheral nerve myelin resulting in peripheral neuropathy. 8 9 Overall the risk of progression of MGUS to myeloma or related disorder is 1% per year. Although the prevalence of MGUS increases with advancing age, after adjustment for the level of the M-protein, the annual risk of progression to myeloma or a related cancer is not affected by age or the duration of MGUS. Younger patients are more likely to have progression to cancer during their lifetime because they are at risk for longer. In contrast to age and duration, other factors, notably the level of M-protein, do predict the risk of progression. The percentage risk of progression in 10 years roughly equates to the level of the M-protein-for example, 20 g/l is associated with 20% risk at 10 years of malignancy. However, in reality, when competing causes of death are taken into account, the true life-time probability of progression is substantially lower.
Given the uncertainty of disease progression with MGUS attempts have been made to identify those patients at highest risk. The parameters which are useful for predicting the likelihood of progression are: the size of the M-protein, 10 the type of the M-protein with IgA and IgM paraproteins having a higher risk compared to IgG paraproteins, 11 the percentage of bone marrow plasma cells, 12 and an abnormal serum-free light chain ratio. A large population based study suggested that the risk of progression to myeloma or related malignancy with an abnormal ratio at diagnosis was 17% at 10 years as compared to 5% at 10 years in those patients with a normal ratio. 3 13 14 On the basis of these findings a risk stratification system set out in table 3 has recently been proposed for MGUS. High risk patients had a risk of progression of 58% at 20 years. The low risk group, which constitutes 40% of the cohort, carries a risk of only 5% at 20 years. In practice, when competing causes of death are taken into account in this predominately elderly population, the actual risk of progression is lower. On the basis The initial investigations are as described previously: M-protein quantification, bone marrow biopsy, skeletal survey and investigations to identify the presence of myeloma ROTI. Additional imaging studies are often required. Magnetic resonance imaging (MRI) is an essential investigation for patients presenting with signs of spinal cord compression and is useful to assess the extent of soft tissue disease. Computed tomography (CT) scanning can be useful to clarify the significance of equivocal abnormalities on a plain radiograph, and is essential in planning radiotherapy. In addition the prognostic factors albumin and b 2 microglobulin are measured. Asymptomatic myeloma accounts for approximately 15% of all cases of newly diagnosed myeloma. Most patients will progress eventually to symptomatic disease-the median time to progression from asymptomatic to symptomatic myeloma is 12-32 months. All patients with myeloma are felt to evolve from MGUS/asymptomatic myeloma, although in many these pre-malignant stages are unrecognised clinically because of their asymptomatic nature. A known prior history of MGUS or asymptomatic myeloma has no impact on the prognosis of myeloma. No specific treatment is recommended for asymptomatic myeloma, but patients require follow-up at least once every 4 months. Patients should be educated about symptoms such as new or progressive bone pain, and persistent or recurrent infection, which might suggest disease progression.
In addition to the laboratory tests, patients should have an annual skeletal survey and if the patient has known urinary free light chains, these should be quantified periodically. Thus far, early intervention before the development of symptomatic myeloma has shown no benefit in two randomised control trials. 7 15 16 Large centres treating myeloma are conducting clinical trials to determine whether newer agents such as thalidomide in combination with bisphosphonates can delay disease progression in asymptomatic myeloma.
MANAGEMENT OF SYMPTOMATIC MYELOMA
The purpose of this article is not to provide a practical guide to myeloma therapy but rather an overview of strategy. The management of symptomatic myeloma is complex and requires a range of specialist expertise from haematology, clinical oncology, nephrology, orthopaedics and palliative care. Without treatment the median survival of myeloma is 7 months and with chemotherapy this is increased to 3-4 years. Autologous stem cell transplantation can prolong overall survival by approximately 18 months in selected patients.
There have been several attempts to construct prognostic models since the Durie/Salmon staging system was devised in 1975. Currently the most useful system (international prognostic index, IPI) is based on the albumin and b 2 microglobulin levels (table 4). This is irrespective of the type of treatment selected. 7 The treatment of myeloma is divided into supportive care with the goal of preventing or ameliorating complications of myeloma; these are most commonly renal, skeletal, infective and treatment related to bone marrow failure. The second aspect is specific treatment directed against the malignant plasma cells.
SUPPORTIVE CARE
N Pain control-Pain arising from the skeleton is the most common presenting complaint and will complicate 80% of patients during the course of their disease. The management requires both systemic treatment often with opioid analgesia and the use of local measures such as radiotherapy, orthopaedic, neurosurgical or interventional radiology-for example, vertebroplasty. Chemotherapy is also an important 7 19 N Anaemia-This is present in two thirds of patients at presentation and becomes more common with recurrent or progressive disease; it usually responds to control of the underlying myeloma. Traditionally, anaemia has been managed by transfusions of packed red cells although recombinant erythropoietin is being used increasingly. Studies have reported decreased transfusion requirements, increased haemoglobin concentrations and patient-assessed improved quality of life. Current recommendations suggest a trial of erythropoietin in patients on chemotherapy and those with symptomatic anaemia, with the aim of decreasing transfusion requirements. 20 21 N Infections-The risk of infection is increased as a consequence of both disease and treatment. Contributory factors include the M-protein, immune paresis and disturbed B cell function. Steroids remain the mainstay of chemotherapy treatment but are associated with viral and fungal infections and the chemotherapy itself may produce variable degrees of neutropenia. A range of approaches are required, including 24 h access to specialist care and prompt intravenous broad spectrum antibiotic treatment for any febrile myeloma patient. Vaccination against Streptococcus pneumonia and Haemophilus influenzae, and prophylactic intravenous immunoglobulin in patients in plateau phase experiencing recurrent significant infections, may be helpful.
N Hyperviscosity-Symptomatic patients are managed with plasma exchange followed by prompt institution of chemotherapy.
N AL amyloidosis-Approximately 15% of patients with myeloma will develop AL amyloidosis with complications including cardiac failure, renal failure and neuropathy. There are recently published comprehensive UK guidelines for the evaluation and management of all AL amyloidosis patients including those with co-existent myeloma. 22 
MYELOMA BIOLOGY AND SPECIFIC THERAPY
In contrast to other haematological malignancies such as acute leukaemia and chronic myeloid leukaemia, until recently it has been difficult to identify the molecular events which underlie MGUS and myeloma. This was mainly due to the difficulty in performing cytogenetic analysis in these slowly proliferating tumours. Many of these difficulties have been resolved with the advent of or improvement in techniques such as: isolation and purification of plasma cells; interphase FISH cytogenetics; and the recognition of chromosomal translocations involving the immunoglobulin heavy chain switch region. From these studies it is emerging that cytogenetic abnormalities such as translocations are common in both MGUS (46%), myeloma (55-73%), and plasma cell leukaemia (85%). Within plasma cell dyscrasias there appear to be two pathways involved in pathogenesis. Approximately half of cases have a karyotype that is nonhyperdiploid with a high incidence of both chromosome 13 loss, and an IgH switch region translocation involving one of five recurring partner chromosomal loci; 11q13 (cyclin D1), 6p21 (cyclin D3), 4p16 (fibroblast growth factor receptor 3 (FGFR3) and multiple myeloma SET domain (MMSET), 16q23 (c-maf) and 20q11 (mafB). The remaining tumours have a hyperdiploid karyotype with multiple chromosome trisomies. The translocations result in altered expression of oncogenes. There is an almost universal finding of increased expression of a cyclin D gene in MGUS and myeloma. Cyclin D overexpression may arise directly from the translocation involving the IgH switch region and either 11q13 or 6p21 partner loci; however, the mechanism of overexpression in hyperdiploid tumours or other translocations is unexplained. It is clear that certain karyotype aberrations, such as loss of chromosome 13 material and translocations involving 4p16 and 16q22, predict a poor outcome and response to treatment. It is likely that in the future myeloma may be further classified on the basis of primary chromosomal translocation and cyclin expression, with more aggressive and/or experimental therapies being offered to those in the poorest prognostic group. In current practice myeloma remains largely a disease of the elderly, with approximately 15% of patients aged less than 60 years and fewer than 2% of cases arising in patients under 40 years old. This age distribution has implications for the types of treatment offered. Excluding a very few selected young patients aged less than 50 years for whom an allogeneic stem cell transplant may offer the prospect of cure, for the majority of patients current treatment is not curative and is aimed at prolonging good quality life. The optimal approach to achieving this is high dose therapy and autologous stem cell transplantation (HDT), an approach which is usually reserved for patients aged less than 65 years or those aged less than 70 with an excellent performance status. All other patients are treated with oral therapies. 7 24 The treatment of patients eligible for HDT will consist of 4-6 months of cyclical combination chemotherapy via a central indwelling catheter. In the UK perhaps the most widely used regimen is a continuous 4 day intravenous infusion of vincristine and doxorubicin along with 4 day blocks of oral dexamethasone at a dose of 40 mg/day. This regimen termed VAD is associated with a 60-70% response rate. Related infusional regimens using cyclophosphamide, vincristine, adriamycin and prednisolone (C-VAMP) are also widely used though there has been no randomised comparison with VAD. 25 26 Two key points to note are: VAD is chosen in preference to oral alkylating agents such as melphalan as a pre-HDT chemotherapy regimen as it achieves rapid cytoreduction without prejudicing stem cell mobilisation. Many authorities consider that dexamethasone is the effective agent in these regimens and in many US centres high dose dexamethasone alone is used as initial chemotherapy. 27 Since the introduction of thalidomide into myeloma chemotherapy regimens (described more fully below), US centres are increasingly using the combination of thalidomide and dexamethasone as induction therapy. Following initial chemotherapy patients will then undergo chemotherapy mobilised peripheral blood stem cell collection (PBSC) followed by high dose therapy using intravenous melphalan and PBSC rescue. The evidence base for HDT therapy is derived from four prospective randomised trials comparing conventional chemotherapy (CC) with HDT. A French multicentre study IFM90 randomised 200 patients and noted a median event-free survival for CC of 18 months and HDT 28 months, and overall survival for CC of 44 months and HDT 57 months. The other studies confirmed an improved outcome in their HDT arm though clearly the HDT approach is not curative and inevitably all patients will relapse. 7 28 29 Patients ineligible for HDT are treated with oral chemotherapy. Early Medical Research Council trials in the 1970s established oral melphalan and prednisolone (MP) as an effective regimen. Subsequent meta-analysis showed that this combination is as effective as other regimens including intravenous chemotherapy. Consequently standard oral chemotherapy remains as cycles of oral MP administered until the patient achieves a maximum response plus a further 3 months. 30 31 Inevitably all patients will relapse; if the duration of first plateau phase is greater than 6-12 months then re-treating with the same first line therapy may be effective. However, for many patients there is a need for new treatments. Two new agents are acquiring a role in the management of relapsed myeloma: thalidomide and bortezomib. There is greater experience with thalidomide. Thalidomide is an orally bioavailable glutamic acid derivative; among its biological activities it inhibits production of tumour necrosis factor a (TNFa) and angiogenic cytokines. On the basis of the known dependence of malignant plasma cells on bone marrow supporting cells and observed increased angiogenesis in marrow biopsies from myeloma cases, empirical therapy of myeloma using thalidomide was undertaken, and these initial studies showed that myeloma is responsive to thalidomide. 32 Current practice is to use thalidomide for patients who relapse early after initial chemotherapy. Published studies of thalidomide as a single agent report a response rate of 30% or combined with dexamethasone a response rate of 60%. 33 34 Current relapse/refractory protocols use thalidomide combined with dexamethasone and cyclophosphamide. Thalidomide does have a significant side effect profile with frequent or severe problems being sedation, peripheral neuropathy, constipation and, when used in conjunction with dexamethasone, a high incidence of thromboembolic events. In view of the teratogenic effects of thalidomide, where required barrier forms of contraception are essential and care must be taken to ensure that the drug is only taken by the individual for whom it is prescribed. In view of the efficacy of thalidomide in relapsed/refractory myeloma, ongoing trials are addressing the question whether thalidomide should play a role in first line treatment of myeloma. Indeed, in the USA, outside clinical trials thalidomide and dexamethasone is now widely used as a first line therapy.
In view of the significant side effect profile of thalidomide, analogues of this agent have been developed. Lenalidomide is a third generation immunomodulatory drug which retains antiTNFa, immunomodulatory and anti-cancer activity. It does not cause sedation or constipation, and has a reduced incidence of neuropathy. The prothrombotic effect remains and there is a greater myelosuppressive effect than is seen with thalidomide. In clinical trials of relapsed refractory myeloma, a combination of lenalidomide and dexamethasone has a response rate of 38%. Randomised trials of lenalidomide and dexamethasone compared to placebo and dexamethasone have shown a time to progression of 11.3 months versus 4.7 months, with a survival advantage in the lenalidomide arm. It is likely that lenalidomide, with an improved side effect profile compared to thalidomide, will soon be licensed in Europe as a second line therapy for myeloma. 35 Bortezomib is an inhibitor of ubiquitin-mediated proteasome degradation. It is effective in relapsed myeloma and in a randomised study of 607 patients produced a better response rate (45%) and median 1 year survival (89%) than dexamethasone alone (26% and 72%, respectively). 36 
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SUMMARY
Identifying a paraprotein is a frequent finding in medical practice, with MGUS the most common clonal plasma cell disorder in the general population. It is essential to distinguish MGUS from asymptomatic and symptomatic myeloma as the natural history is so varied. For patients with symptomatic myeloma the disorder remains incurable; there are, however, well-defined treatment protocols which have been shown to prolong good quality life. These include high dose therapy for patients under the age of 65 (age 70 if excellent performance status) and oral melphalan for the older patient. Supportive therapies including bisphosphonates and erythropoietin decrease morbidity and improve quality of life. There is a clear therapeutic benefit from thalidomide in myeloma and a current question under study is what role thalidomide may have in the future as part of first line therapy for symptomatic myeloma.
MULTIPLE CHOICE QUESTIONS (TRUE (T)/FALSE (F); ANSWERS AFTER THE REFERENCES)
(1) In individuals .50 years old, the incidence of paraproteinaemia is 3.2%. 
